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Abstract

Background: Precision medicine has enormous potential to improve cancer outcomes. Over one third of the 1.5
million Americans diagnosed with cancer each year have genetic mutations that could be targeted with an FDA-
approved drug to treat their disease more effectively. However, the current uptake of targeted cancer therapy in
clinical practice is suboptimal. Tumor testing is not widely used, and treatments based on molecular and genomic
profiling are often not prescribed when indicated. Challenges with the uptake of precision medicine may
disproportionately impact cancer patients in rural communities and other underserved populations. The objective
of this study is to identify the determinants of adoption and implementation of precision cancer therapy to design
an implementation strategy for community oncology practices, including those in rural areas.

Methods: This study is an explanatory sequential mixed methods study to identify factors associated with the use of
targeted cancer therapy. Levels of targeted therapy use will be ascertained by secondary analysis of medical records to
identify concordance with 18 national guideline recommendations for use of precision medicine in the treatment of
breast, colorectal, lung, and melanoma skin cancer. Concurrently, facilitators and barriers associated with the use of
precision cancer therapy will be elicited from interviews with up to a total of 40 oncologists, administrators, pathology,
and pharmacy staff across the participating sites. Qualitative analysis will be a template analysis based on the
Theoretical Domains Framework. Quantitative data aggregated at the practice level will be used to rank oncology
practices’ adherence to targeted cancer therapy guidelines. Determinants will be compared among high and low users
to isolate factors likely to facilitate targeted therapy use. The study will be conducted in eight community oncology
practices, with an estimated 4121 targeted therapy treatment decision-making opportunities over a 3-year period.

Discussion: Despite unprecedented investment in precision medicine, translation into practice is suboptimal. Our
study will identify factors associated with the uptake of precision medicine in community settings. These findings will
inform future interventions to increase equitable uptake of evidence-based targeted cancer treatment.
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Background
An estimated 1.5 million Americans are diagnosed with
cancer each year [1]. Among the five most prevalent
cancers (i.e., lung, breast, colorectal prostate, and melan-
oma), 38% of patients’ tumors have a genetic mutation
that can be targeted with a therapy shown to be superior
to standard treatment [2, 3]. Targeted therapies (TTs)
can result in better treatment outcomes, including delay
in tumor progression, longer survival [4], more quality-
adjusted life-years [4], avoidance of ineffective treatment
[5], and, ultimately, lower treatment costs [4, 6].
Across all cancer types, non-metropolitan rural areas have

lower age-adjusted cancer incidence rates than metropolitan
areas. However, non-metropolitan rural residents experience
higher death rates than metropolitan area residents and have
not benefited from recent reductions in cancer mortality [7].
Instead, rural/urban disparities are widening [7]. These dif-
ferences in cancer mortality likely reflect disparities in the
quality of and access to health care. The largest study to date
comparing rural and urban patients’ cancer outcomes dem-
onstrated that when rural cancer patients are provided the
same quality of care as urban patients, rural cancer patients
have similar survival [8]. In particular, rural/urban disparities
have been demonstrated in the delivery of targeted therapy
[9] and associated with poorer survival [10]. Ensuring rural
cancer patients’ tumors are tested and appropriately treated
with the 94 FDA-approved pharmacogenomic drugs [11]
currently available could close the widening gap in cancer
mortality.
Despite numerous benefits of TTs, the uptake of preci-

sion medicine in clinical practice is poor [10, 12, 13].
Among recently developed TTs, only 20% of stage IV
non-small cell lung cancer patients in the USA receive
guideline-recommended EGFR testing, and less than half
of those eligible for EGFR inhibitors receive them [14].
Even among well-established TTs, testing and treatment
are suboptimal. Only 23% of eligible stage IV colorectal

cancer patients receive KRAS testing [10], and fewer than
50% of eligible breast cancer patients receive molecular
testing to assess the need for adjuvant chemotherapy [13].
Furthermore, only half of white elderly women and only
40% of black elderly women with non-metastatic HER2-
positive breast cancer receive appropriate monoclonal
antibody therapy [15]. Thus, there is ample opportunity to
improve the delivery of precision medicine.
Research to identify barriers to targeted therapy is emer-

ging, but incomplete. Previous work has identified deficits
in infrastructure [16, 17], knowledge and skills [17, 18], ac-
cess to tests and treatments [12, 18], and time for coordin-
ation of testing, treatment, and follow-up [19–21] as
factors associated with poor uptake of TTs. However,
many domains relevant to the adoption and implementa-
tion of novel, guideline-based TTs (e.g., BRAF testing in
metastatic melanoma) have not been assessed. Individual
physician-level factors have been demonstrated to be in-
fluential in test ordering and prescribing decisions in other
contexts [22, 23]. However, little is known about health
care providers’ influences around using targeted therapy
[24, 25]. Specific determinants, such as oncologists’ peer
support for use of TTs, alignment of the steps required to
deliver it with oncologists’ professional role and identity,
beliefs about their capabilities to deliver it, and beliefs
about positive and negative consequences of using TTs,
have not been studied. Because of the more decentralized
and hierarchical structure of many community specialty
practices, it may be necessary to intervene upon these mo-
tivational factors to influence not only the initial decision
to adopt TTs, but also in overcoming challenges to sus-
tained use [12, 26, 27].
Underappreciation of the care delivery context may be

one of the largest barriers to increasing adoption and
implementation of TTs. State-of the-art TTs have been
developed by scientists in resource-intensive institutions
with high motivation and incentive to use them [28–36].
Yet, 79% of oncologists practice in non-academic set-
tings [37] which are typically smaller, hematology/oncol-
ogy practices with far fewer organizational resources
available to implement TTs. Thus, the underlying deter-
minants of adoption and implementation may be differ-
ent in community practice than in academic practice.
While physicians may be adopters of new innovations,
especially in community practice, ensuring that it is fully
implemented requires not only physician adoption, but
also staff and administrative support. Our previous
works suggest community cancer specialists may have
unique practice organization, and practice pressures
than those practicing in academic medical centers which
may impact the effectiveness of proposed implementa-
tion strategies [38]. Further, recency of some targeted
therapy availability, degree of service line organization,
institutional capacity, and limited specialization relative
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to academic medicine may alter the balance of targeted
therapy across cancer types, engendering variation in use
and affecting underlying determinants of implementa-
tion within community oncology practice. To be effect-
ive, implementation strategies should address the
targeted needs of providers and practices facing each of
these particular challenges. However, little is known
about community oncology providers’ perspectives on
TTs and variation in approach across community prac-
tices [36, 39, 40].
Our long-term objective is to design strategies to in-

crease the adoption and implementation of targeted
therapy consistent with the national guidelines among
community oncologists. To accomplish this, we seek to
explore context-specific organizational and provider
characteristics associated with appropriate use, compar-
ing determinants of adoption and implementation be-
tween high and low users, to better understand factors
supportive of TT use in the spectrum of rural and non-
rural community oncology practice.

Study aims
Aim 1: Engage community oncologists to assess the
variation in targeted therapy use to identify facilitators
and barriers to precision medicine adoption
We will conduct a secondary analysis of medical record
data to identify appropriate use of targeted cancer treat-
ment guidelines and assess provider and practice charac-
teristics associated with guideline-concordant use of
TTs. We hypothesize community oncologists will exhibit
greater within-site variation in the use of TTs than
between-site variation, that patient rurality will be a sig-
nificant predictor of TT guideline use, and that practice
size will be a significant organizational predictor of use.

Aim 2: Isolate barriers to successful precision medicine
implementation in community oncology practice
We will conduct linked, semi-structured qualitative inter-
views of physicians, staff, and administrators involved in
precision medicine implementation. Using the Theoretical
Domains Framework (TDF), we will identify constructs
key to implementation success and further describe the
strength, frequency, and type of implementation strategies
used by successful organizations. We anticipate that bar-
riers and implementation strategies will be similar among
adopters and non-adopters but that strength and fre-
quency may differentiate implementation success.

Methods
Overall design
Together, the studies proposed in aims 1 and 2 represent
an explanatory sequential mixed methods study design
[41]. The mixed methods approach extends throughout
data collection and interpretation by linking the data

through the sampling frame and merging the quantita-
tive and qualitative data for analysis [41]. Independently,
aim 1 is a retrospective, cross-sectional analysis of extant
medical records to identify organizational characteristics
associated with appropriate use of TTs. Aim 2 is a quali-
tative comparative study of high and low TT users to
identify behavioral determinants of TT implementation.
The study design was aligned with the Standards for
Reporting Implementation Studies (StaRI) statement [42,
43] and the Standards for Reporting Qualitative Re-
search (SRQR) to ensure appropriate reporting upon
publication [44].

Sample and selection
The sample consists of non-academic group practice or-
ganizations delivering care to adult cancer patients for
whom TTs may be beneficial and comprised of oncology
practices and health systems in which they operate. Indi-
vidual physicians, staff, and administrators will be the
target of both treatment observations and interviews ag-
gregated to the service line and organizational level. On-
cology practices in 13 states are included in the
sampling frame (AR, CO, IA, IN, KS, MN, MO, NE,
NM, OK, TX, WI, UT). We chose these states based on
our existing clinical research networks and the potential
to build capacity to support future methodologically ro-
bust implementation studies. Together, these states rep-
resent populations with higher than average rurality
[45], who suffer cancer morbidity disproportionately
[46], are understudied with regard to cancer care deliv-
ery [47], and are largely underrepresented in research
[48, 49].
Using methods originated by the American Society of

Clinical Oncology (ASCO) [37], we will create a list of
non-academic oncology practices in the 13-state region
from which to recruit participants. The list was derived
from the Center for Medicare and Medicaid Services’
Physician Compare database, a national, publicly avail-
able data set of all physicians billing Medicare. As the
goal of the study is to differentiate high vs low TT ad-
herence, we will structure the sampling frame to repre-
sent practices with characteristics associated with TT
use to increase the probability that our selected sample
includes both high and low TT users. We will partition
the sampling frame based on measurable characteristics
known to be associated with precision medicine use: in-
surance coverage climate (defined as states who have/
have not instituted Medicaid expansion, as similarity to
existing coverage is one of the primary factors associated
with expansion), rurality (defined as metropolitan vs
non-metropolitan), and cancer volume (defined as prac-
tice size 2–5 physicians or 6+ physicians) as commonly
defined by ASCO [37] (Fig. 1).
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We determined the sample size of 4121 patients across
8 practices by simulation, accounting for the clustering
of patient observations within organizations. We esti-
mated per physician case counts based on national esti-
mates of annual cancer incidence [50], adjusted for stage
of cancer appropriate for targeted therapy use [51] and
the number of practicing oncologists in the USA [37].
We further estimated the average practice size of small
and large community oncology practices based on the
American Society of Clinical Oncology’s annual census
[37] and determined the approximate number of breast,
colorectal, lung, and melanoma skin cancer cases which
would be potentially eligible for targeted therapy in a 3-
year study window. This sample size will be adequate to
differentiate a modest effect of geographic characteristics
on TT use separately in breast, lung, colorectal, and mel-
anoma skin cancer. Given the distributions of cancer in-
cidence, at 80% power, this sample size will enable the
detection of an effect size (absolute difference in rates)
of < 0.05 in breast and lung cancer TTs, an effect size of
< 0.10 in colon cancer, and an effect size of < 0.15 in
melanoma skin cancer TTs for which there are far fewer
cases. Effect sizes of these respective magnitudes should
represent real differences, within each cancer type.
Power simulation, for each cancer type, is shown in
Fig. 2.
To assess the determinants of adherence for the quali-

tative study (aim 2), we will use a snowball sampling
technique to identify individuals involved in the process
of TT implementation including, but not limited to, phy-
sicians, pathologists, pharmacy administrators, cancer

center administrators, and genetic counselors. Up to five
participants will be interviewed per site. Thus, aim 2 will
include ~ 40 participants from 8 sites. For qualitative re-
search, sample adequacy is determined by saturation ra-
ther than effect size [52]. Based on similar studies [23],
we estimate 4 sites of each practice type (high vs low
adherers) will be adequate to reach saturation but will
monitor the need for additional site recruitment if par-
ticipant responses are not consistent and saturation is
not reached.

Recruitment
Practices will be recruited using evidence-based ap-
proaches to improve response [53] based on social net-
works of opinion leaders proven successful in our
previous studies [54–56]. We will first mail a letter to
non-academic practicing oncologists in the catchment
area to invite participation and notify them of the par-
ticipation incentives ($4000/practice and $200 gift card/
individual) [57, 58]. We will also publicize the study
among extant networks (e.g., ASCO state organizations,
Women in Oncology social media group). Practices in
each of the eight aforementioned categories will then be
sampled randomly without replacement and approached
by email and phone using endorsements from local
opinion leaders until we have recruited one practice in
each category. Once the practice is enrolled, we will ask
the index oncologist to help identify the other key infor-
mants within the organization (e.g., physicians, staff,
pharmacists, pathologists, administrators) deemed inte-
gral to targeted therapy use by the index physician.

Fig. 1 Site selection to ensure variation in targeted therapy guideline adherence
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Measures
The dependent variable for aim 1 is appropriate TT use,
measured at the patient level and determined by second-
ary analysis of medical record data. We will assess all eli-
gible treatment opportunities within the study window
(January 1, 2016, to July 31, 2019) among patients pre-
senting with their first and only breast, lung, colon, or
melanoma tumor at which all or part of the first course
of treatment is delivered at a participating site and
whose documented care is concordant with 5 breast, 5
lung, 6 colorectal, and 3 melanoma TT measures
(Table 1 describes each measure). Each measure is based
on the National Comprehensive Cancer Network clinical
practice guidelines in effect during the study window. A
subset of these measures is validated and maintained by
the National Quality Forum (NQF), and new measures
are modeled after NQF standards to facilitate future
adoption in the field. Each will be assessed for face valid-
ity among cancer specialists treating that type of cancer
prior to operationalization.
The primary independent variable of interest is patient

rurality, measured using HRSA categorizations of rural-
ity mapped to patient zip code recorded in the registry
and collected according to institutional registry stan-
dards. Other covariates of interest include cancer type
(breast, colorectal, lung, melanoma), practice rurality (as
measured by HRSA definitions from the practice’s clin-
ical office zip code), practice size (small, 2–5 providers,
vs large, > 6 providers), and state public insurance (Me-
dicaid expansion state vs not).
Models will control for patient age, patient insurance

type (government-sponsored, private, or none), patient
race/ethnicity, patient comorbidity (assessed by the
Charlson Comorbidity Index), and clustering of patients
within site.
Aim 2 measures are derived from the constructs iden-

tified in the Theoretical Domains Framework (TDF). We
selected the TDF as our determinant model [25] based
on its relevance in previous work to understand the de-
terminants of other cancer specialists’ treatment behav-
ior [22, 59]. The TDF also integrates with the Behavior
Change Wheel (BCW) approach to implementation
strategy design [60], consistent with our overarching
intention to design implementation strategies to support
appropriate targeted therapy [61]. We have specified the
target behavior across various test-therapy pairs as illus-
trated in Fig. 3 and specified end users responsible for each
step, which prepares us to identify determinants of each
step [62, 63]. The TDF consolidates 84 behavioral con-
structs into a single framework organized into 14 validated
domains relevant to health practitioner clinical behavior
change [24]. This work will focus on the 14 domains con-
sistent with healthcare provider motivation, capability, and
opportunity to adopt and implement targeted therapy. An

Fig. 2 a–d Power simulation assuming 8, 16, and 24 clusters
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Table 1. Targeted Therapy Measures

Measure Numerator Denominator

HER2 testing for overexpression or gene
amplification in patients with breast cancer

HER2 testing performed Adult women with breast cancer

Combination chemotherapy recommended or
administered within 4 months for women < 70
with AJCC T1cNOMO, or stage IB–III hormone
receptor-negative breast cancer

Combination chemotherapy is
administered within 120 days of the date
of diagnosis or it is recommended and not
received

Women age 18–69 diagnosed with stage IB–III
hormone receptor-negative breast cancer (AJCC
T1cNOMO)

Adjuvant hormonal therapy recommended or
administered within 1 year of diagnosis for women
with AJCC t1cNOMO or stage IB–III hormone
receptor-positive breast cancer

Hormone therapy administered within
365 days of the date of diagnosis or it is
recommended but not received

Adult women diagnosed with AJCC T1cN0M0 or
stage IB–III hormone-positive breast tumor

Trastuzumab administered to patients with AJCC
stage I (T1c)–III and HER2-positive breast cancer
who receive adjuvant chemotherapy

Trastuzumab administered within 12
months of diagnosis

Adult women with AJCC stage I (T1c)–III or HER2-
positive breast cancer who receive chemotherapy

HER2-negative or undocumented breast cancer
patients spared treatment with HER2-targeted
therapies

HER2 therapies not administered during
the initial course of treatment

Adult women with breast cancer that are HER2-
negative or HER2-undocumented

PDL1 molecular testing of lung cancer patients
presenting with advanced or metastatic disease
performed within 3 months of diagnosis and prior
to systemic therapy

PD-L1 testing performed prior to systemic
therapy date

Adult patients with stage IV NSC lung cancer of
histologic subtype adenocarcinoma, large cell,
NSCLC NOS, or squamous cell carcinoma

Molecular testing of lung cancer patients
presenting with advanced or metastatic disease
performed within 3 months of diagnosis

EGFR and ALK testing performed prior to
the systemic therapy start date

Adult patients with stage IV NSCLC with histologic
subtype adenocarcinoma or NSCLC NOS

Targeted therapy with a checkpoint inhibitor for
lung cancer patients with advanced or metastatic
disease and PD-L1 > 1% and negative test results
for EGFR mutations and ALK fusion within 3
months of diagnosis

Single-agent pembrolizumab delivered
within 3 months of diagnosis

Adult patients with stage IV NSCLC of histologic
subtype adenocarcinoma, NSCLC NOS, or
squamous cell carcinoma who are EGFR-negative
and ALK-negative

Targeted therapy with a TKI for lung cancer
patients with advanced or metastatic disease and
positive test results for EGFR mutations within 3
months of diagnosis

Osimertinib, erlotinib, afatinib, gefitinib, or
dacomitinib delivered within 3 months of
diagnosis

Adult patients with stage IV NSCLC with histologic
subtype adenocarcinoma or NSCLC NOS, who are
EGFR-positive

Targeted therapy with ALK inhibitor provided for
patients with advanced or metastatic disease and
positive test results for ALK fusion within 3 months
of diagnosis

Alectinib, brigatinib, ceritinib, or crizotinib
delivered within 3 months of diagnosis

Adult patients with stage IV NSCLC of histologic
subtype adenocarcinoma, large cell, or NSCLC NOS,
who are positive for AKL fusion

RAS (KRAS and NRAS) testing for patients with
metastatic colorectal cancer who received
anti-EGFR monoclonal antibody therapy

RAS gene mutation testing performed
before initiation of anti-EGFR monoclonal
antibodies

Adult patients with metastatic colorectal cancer
who receive anti-EGFR monoclonal antibody
therapy

Patients with metastatic colorectal cancer and RAS
(KRAS or NRAS) gene mutation spared treatment
with anti-EGFR monoclonal antibodies

Anti-EGFR monoclonal antibody therapy
not received within the reporting period

Adult patients with metastatic colorectal cancer
who have a RAS (KRAS or NRAS) gene mutation

MMR or MSI testing for patients with metastatic
colorectal cancer who receive immune checkpoint
inhibitors (pembrolizumab, nivolumab, and
ipilimumab)

MMR or MSI testing performed before
initiation of pembrolizumab, nivolumab,
and ipilimumab

Adult patients with metastatic colorectal cancer
who receive pembrolizumab, nivolumab, and
ipilimumab

Patients with metastatic colorectal cancer and
MMR or MSI high spared immune checkpoint
inhibitors

Immune checkpoint therapy
(pembrolizumab, nivolumab, and
ipilimumab) not received

Adult patients with metastatic colorectal cancer
who have an MMR or MSI high

BRAF testing for patients with metastatic colorectal
cancer who receive BRAF inhibitors

BRAF gene mutation testing performed
before initiation of BRAF inhibitor

Adult patients with metastatic colorectal cancer
who receive BRAF inhibitor

Patients with metastatic colorectal cancer and a
BRAF gene mutation spared treatment with a BRAF
inhibitor

BRAF inhibitor not received Adult patients with metastatic colorectal cancer
who have a BRAF mutation

Molecular testing of patients presenting with stage
III or stage IV distant metastatic melanoma

BRAF testing performed Patients > 18 presenting with the first and only
tumor of stage III or IV melanoma

Melanoma patients without BRAF V600 mutations
or V600 exon 11 or exon 15 mutations spared
BRAF inhibitors

BRAF inhibitor use Patients > 18 with BRAF-negative, the first and only
stage III or IV melanoma
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example of the structured interview guide is provided in
Appendix, modeled on a previous qualitative assessment of
determinants of implementation [64]. The guide elicits in-
formation on providers’ knowledge and skills in using TTs,
TT’s alignment with oncologists’ social/professional role
and identity; beliefs about the capability to engage in TTs;
beliefs about consequences of using TTs; motivation and
goals for using TTs; memory, attention, and decision pro-
cesses relevant to TT use; environmental context and re-
sources needed; social influences on TTs; emotion about
engaging patients; and ability to regulate TT use.

Data collection
Most of the data to derive aim 1 measures will be ob-
tained from institutional tumor registries and repositor-
ies of information on cancer cases and treatment,
collected according to the national standardized data
item and coding definitions available from the Commis-
sion on Cancer’s Facility Oncology Registry Data Stan-
dards. Additional testing and treatment data not
collected for the registries will be abstracted from med-
ical records. All data will be transferred as a limited data
set via REDCap (Research Electronic Data CAPture) [65,
66]. Sites can opt to abstract medical record data using
internal resources or allow a study-provided abstractor
access.
Aim 2 data will be collected on-site or by phone by

trained qualitative interviewers according to the inter-
view guide. Interviews will be recorded and transcribed
verbatim. Two pilot interviews will be conducted to en-
sure consistency in data collection among interviewers.

Data analysis
For the analysis of data collected in aim 1, we will use
descriptive statistics (chi-square, Student’s t test, or Fish-
er’s exact test, as appropriate to each variable) to com-
pare individual and organization characteristics of (1)
responders and non-responders to recruitment and (2)
receipt of targeted therapy among rural and non-rural
patients. We will employ hierarchical, multivariable re-
gression modeling to identify the provider and
organizational factors associated with TT use, adjusted
for patient-level characteristics associated with the use
and clustering of patients within the site. We will parti-
tion within-site (provider-level differences) and between-
site (organizational-level differences) variance to
prioritize aim 2 qualitative comparisons.

Aim 2’s qualitative analysis will be a template analysis of
TDF domains and subsequent comparative thematic ana-
lysis of relevant between-site and within-site differences.
A codebook based on TDF constructs was developed a
priori. Relevant theoretical domains will be identified
through thematic coding of interview transcripts, identifi-
cation of specific beliefs within coded text units, and map-
ping of specific beliefs onto theoretical domains [64].
Statements will be further coded as positive (facilitator) or
negative (barrier) and by underlying theoretical constructs
within TDF domains as necessary. Two team members
(SE and JB) will code common interviews to establish
interrater reliability. Disagreements will be reconciled by
the rest of the study team. The initial eight interview sets
(adopters/non-adopters) will be evaluated to identify the
range of constructs captured and assessed for saturation.
Additional interviews in each practice type will be con-
ducted if thematic saturation is not reached. The rele-
vance of theoretical domains will be assessed by (1)
frequency of specific beliefs observed, (2) identification of
conflicting beliefs across participants, and (3) evidence of
strong beliefs (i.e., participants indicate a specific belief
did/would contribute to DA use) [64].
A final, integrated analysis will occur comparing high and

low users of TTs. Treatment data from the aim 1 quantita-
tive study will be aggregated at the practice level to rank
oncology practices’ adherence to targeted cancer therapy
guidelines to inform the qualitative analysis. Oncology prac-
tices above and below the 50th percentile in the rankings
will be designated as high and low users, respectively. De-
terminants of TT use will be compared between high and
low users to isolate determinants most likely salient to TT
use and those that most likely limit use. Identified determi-
nants will then be mapped to implementation strategies
and delivery modalities suggested in the Behavioral Change
Wheel as appropriate approaches using an intervention
mapping approach [67, 68].

Limitations
The primary potential challenge to this project is an in-
ability to collect the quantitative data needed for aim 1
in a timely manner. To minimize this risk, we have cre-
ated data collection protocols which rely on extant data
collection at the institutional level for the bulk of the
data used. Institutional tumor registries are mandated by
law to provide patient characteristics, tumor characteris-
tics, and some molecular testing and results data on an
ongoing basis. We have selected measures which can

Table 1. Targeted Therapy Measures (Continued)

Measure Numerator Denominator

Melanoma patients with BRAF V600 mutations
receiving BRAF inhibitors in combination with
MEK inhibitors

BRAF inhibitor AND MEK inhibitor use Patients > 18 with BRAF-positive, the first and only
stage III or IV melanoma
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leverage these legal requirements for data collection and
further selected study windows which coincide with
guideline changes and typical data collection backlogs to
ensure the data collection is both pragmatic and rele-
vant. We will also make available external contractors to
abstract the remaining data elements should participat-
ing sites not have capacity. Nonetheless, we will collect
the qualitative data first and anticipate that much can be
gleaned from determinant analysis relying on physician
self-report of TT use if necessary, as we have established
in other studies [23, 59]. Delayed collection could pro-
vide opportunities for validation of the two approaches,
providing additional methodological contributions of
this project. Regardless of the time frame needed for
data abstraction completion, our ability to assess the
feasibility of this innovative method will advance the
field of implementation science. Not only will we pro-
vide some of the first estimates of time to transfer of
limited data sets, we will also collect critical informa-
tion regarding the local abstraction processes, elec-
tronic infrastructure, and capabilities of community
cancer programs which can inform the cost and fu-
ture approach to test the effectiveness of our imple-
mentation strategy.
Secondly, precision medicine adoption rates in the cen-

tral USA are unknown, so there is potential for adoption
rates to be low and few participants to represent adopting
organizations. However, we are aware of community prac-
tices within our local metropolitan area who advertise pre-
cision medicine programs [69] and can identify sites who
have participated in both the NCI-MATCH trial and
ASCO’s TAPUR study. Thus, we can supplement our
qualitative sampling frame by directly including such sites,
should implementation be low in the sampled sites.

Discussion
Despite unprecedented investment in precision medicine
[70, 71], very little of it has been devoted to translation into
practice [72]. Dissemination and implementation research
are currently underrepresented in both funding and publi-
cations of genomics research. Less than 2% of funded gen-
omics research is post “bench to bedside,” and less than 1%
of published cancer genomic research is post bedside [72].
Consequently, our study will be among the first [40, 73] to
answer the call to develop a precision delivery initiative to
match the precision medicine initiative [74].
Despite the incomplete understanding of determinants

driving targeted therapy, several interventions have been

launched to accelerate the adoption of genomic medi-
cine [28–36]. Attempts to educate providers through
training programs and tumor boards [28–32] have been
associated with greater use of testing, but audiences for
these efforts are often limited to academic settings.
Seventy-nine percent of oncologists practice in non-aca-
demic settings [37], typically small, single-specialty prac-
tices with far fewer organizational resources available to
implement best practices. Other efforts rely on elec-
tronic decision support [36]. For example, the IGNITE
program’s efforts to integrate precision medicine into
practice have mostly focused on managing and integrat-
ing large amounts of data at the point of care through a
single electronic health record (EHR) [36] widely used in
academic practice, but far less often used by community
practices, who mostly rely on less well-known EHRs
[75]. Some rural cancer providers use EHRs which may
inadequately support quality cancer care [62]. Conse-
quently, existing efforts to speed adoption of precision
medicine may be a poor fit for community practices,
particularly those serving rural communities. Implemen-
tation strategies designed for community practicing on-
cologists to fit the practice settings in which they
practice, and most cancer patients receive their care, are
vital to realizing the full potential of precision medicine.
Once demonstrated to be effective, innovations in care

typically take an average of 17 years to reach clinical
practice [76]. Implementation science accelerates passive
diffusion with evidence-based implementation interven-
tions. However, interventions that are not linked to de-
terminants of the behaviors underlying the care
innovations are unlikely to work [25, 68, 77]. Implemen-
tation science offers a theoretical framework and
methods to specify behaviors and end users, identify de-
terminants (i.e., barriers and facilitators) of end users’
behaviors, and more precisely map determinants of be-
havior to implementation strategies demonstrated to ad-
dress them [78]. Like targeting tumor characteristics
with treatments responsive to them, systematic, empiric-
ally based implementation science approaches can target
barriers to innovation adoption by matching them with
evidence-based implementation strategies demonstrated
to increase innovation uptake [68].
We anticipate that barriers to precision medicine im-

plementation identified in aim 1 will be mapped to strat-
egies known to be effective in addressing them, resulting
in the development of novel implementation strategies
designed for community oncology settings to increase

Fig. 3 Target behaviors
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innovation-system fit. Identification of implementation
strategies could support a cluster-randomized trial of the
effectiveness and scalability of precision medicine imple-
mentation strategies. Effect sizes and other measurement
properties identified in aim 1 can inform sample size es-
timates for any future trial. Preliminary testing of the
measures may establish their face validity and feasibility
for future quality improvement efforts. Data collected
can be used as baseline rates for a subsequent trial.
Ultimately, this work could potentially expedite society’s

return on investment in the precision medicine initiative
by more rapidly identifying implementation barriers so
they can be mapped to effective implementation strategies
proven to address them, speeding interventions that can
contribute to delays in tumor progression, longer survival,
and enhanced quality of life for cancer patients seen
across the healthcare delivery system.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s43058-020-00064-y.

Additional file 1. StaRI Checklist.

Appendix
Interview guide: Identifying barriers and facilitators to
targeted therapy
Introduction:
Thank you for agreeing to participate in this interview.

� Is this still a good time for you? Are you in a place
where you can be free from distractions and feel free
to give candid responses?

� Would it be OK with you if I record this interview
for research and training purposes?

We sent you the study information sheet and I would be
happy to go over that with you if you have not had a chance
to review it. The aim of the study is to help us understand
more about the use of targeted cancer therapy. Targeted
therapy is the combined use of genetic or other biomarker
tests of tumor tissue or specimens and subsequent use of
specific drugs or biologics known to produce better out-
comes in patients with those specific biomarkers.
Your responses will help us understand how best to

implement targeted therapy in practice. All your re-
sponses will remain confidential and will only be re-
ported in aggregate. You may choose to stop the
interview at any time, and there is no penalty to your or
your organization for not completing the interview. If
you complete the interview, we will offer you a $100
Visa debit card to thank you for your time.
Do you consent to participating in this interview? Do

you have any questions before we begin?

The innovation:

1. I don’t have a clinical background, so can you help
me understand the role of targeted therapy in
cancer treatment?

2. *What do you think about targeted therapy?
3. How does targeted therapy change patient

outcomes? Patient care? Your practice? (Beliefs
about consequences)

4. *What are (other) benefits of using targeted therapy?
� Prompts: … to patients, colleagues, cancer

program, self: promotion, cancer program
accreditation, following guidelines, being
respected by colleagues, etc.

5. *What are the main questions or concerns you have
about targeted therapy? Are there any costs?

� Prompts: e.g., time taken away from other tasks; effort
to keep up; low payoff of finding a positive result

6. Do you that feel the benefits of using targeted
therapy outweigh the costs? How so?

7. What alternative therapies could be used instead of
targeted therapies? (relative advantage)

� Prompts: What is the advantage of any competing
therapeutic approaches?

8. How does using targeted therapy differ from what
you did previously to treat cancer patients?

� Prompts: In terms of logistics. What needs to be done
differently? Has it changed what you do or what others
do? Is this different in breast, lung, colon, melanoma?

Practice:

9. *What targeted therapy do you offer? (intentions)
� For breast cancer? Colon cancer? Lung cancer?

Melanoma?
10. *What genetic test assays do you have access to

here? How accessible are they? What genetic tests
do you need that you don’t have access to? Why?

� Prompts: In-house labs? External? Contractual ar-
rangements with labs?
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Motivation:

11. Why do you offer those tests and treatments as opposed
to others, or for those conditions rather than others?

� Is it required or recommended? By internal or
external groups?

12. *What motivated you to adopt targeted therapy or
might in cases where you don’t currently use it?

13. How important is it to you to use targeted therapy?

� Prompts: How much do you want to do it? Are you
compelled to do it? Is there anything more
important? Why?

14. *To what extent would you like to see targeted
therapy used in your practice in the future? (Goals)

15. How likely is that to happen? (optimism)
16. *Tell me what other influential individuals or groups

say about using targeted therapy? (Social influences)

� Prompts: e.g., clinical leaders, management, patients,
pharmaceutical representatives, etc.

17. Do you think about the opinions of these influential
people when considering whether or how you use
targeted therapy?

� Prompts: If you got the sense that others didn’t
approve of targeted therapy, would that influence
whether or how you use targeted therapy?

18. How do clinical practice guidelines support or
detract from your use of targeted therapy?

� Prompts: build your confidence/belief in the
treatment? Help your efforts to implement targeted
therapy across your organization? Which guidelines
do you look to for targeted cancer therapy? How do

you feel about its quality, clarity, supporting
evidence, consistency with other guidelines?

19. Who do you talk to about using targeted therapy?
(Social influences)

20. What positive or negative emotions do you experience
when using or trying to use targeted therapy? (Emotions)

� Prompts: Do you ever feel any positive emotions?
What about negative emotions? Do these emotions
differ from when you first started using targeted
therapy? Can you imagine how someone new at using
targeted therapy might feel? E.g., empathetic, hopeful,
positive, resentful, stressed, anxious, content, excited?

21. How do you think your feelings (reference what
they said in prior response) influence your use of
targeted therapy?

� Prompts: e.g., if you feel anxious about using
targeted therapy, are you less likely to use it?

Nature of the behavior:
*I’d like you to walk me through the steps you take in

using targeted therapy. (sketch a process map)

� Prompts for the section: Does it depend? If so, what
does it depend on? Which types of cancer? Which
characteristics of the cancer (stage, grade)? Do you
order the tests or is it automatic? Does the referring
provider order it? Do you receive a specific targeted
therapy testing result? Does someone ask you to use
targeted therapy? Then what happens? When you’ve
ordered a genetic test, do you hand it off to anyone?
Is it different for breast, colon, lung, melanoma?

22. First, how do you prepare for using targeted
therapy? Is there a method that you use to prepare
to use targeted therapy? Is it hard to know when to
use targeted therapy?

� Prompts: e.g., read up on recommended cancer
tests/treatments? Obtain guideline? Schedule
appointment?
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23. How are patients selected to be tested (what
methods are used to select them/how do you
remember to select them)?

24. How are tests ordered?
25. How are test results reported and interpreted?
26. How are treatments selected to match results (what

methods do you use to select treatments/how do
you remember to do it/remember the rules)? How
are treatments prescribed?

27. What difficulties do you encounter when using
targeted therapy?

� Prompts: information technology issues; social
conflicts; problems with lab results, drug approvals;
pushback from staff or management; lack of
reimbursement, support from managers, training,
grant funding, reimbursement, staffing, own time;
How do the difficulties you encounter when using
targeted therapy now differ from the difficulties you
encountered when you first started using targeted
therapy? What kind of difficulties do you imagine
someone new at using targeted therapy might
encounter?

28. What procedures or ways of working might
encourage you to use targeted therapy?

� Prompts: Audits, reminders, protocol or policy, or
monitoring of your behavior (e.g., as part of quality
audits)? Feedback on your targeted therapy use?
Incentives?

Opportunity

29. *How often do you see patients who you would
assess for targeted therapy?

30. How do you know if your use of targeted therapy is
appropriate?
Prompts: Are you aware of the extent to which you
are identifying the right patients? Getting the
treatments matched to results?

31. In what way is using targeted therapy compatible
with other things that you do in your job?
Prompts: How? Does using targeted therapy
eliminate, minimize, or somehow facilitate your

other duties? Or does using targeted therapy make
it harder to perform your other duties?

32. *In your opinion, how much does using targeted
therapy align with what somebody in your position
should be doing?
Prompts: e.g., Is ordering genetic tests something
that a nurse/doctor/pathologist should be expected
to do? Is matching treatment to genetic test results
something that a nurse should be expected to do? Is
testing tissue for genetic markers something a
pathologist should be doing?

33. Are there ever situations in which you get
distracted or forget to use targeted therapy? If so,
could you please give me an example?
Prompts: e.g., an urgent patient situation arises;
something more important comes up; a colleague
interrupts you; thinking about the next client; 6 pm
on a Friday and running late to pick up kids

34. How do you know if your use of targeted therapy is
appropriate?
Prompts: Are you aware of the extent to which you
are identifying the right patients? Getting the
treatments matched to results?

35. *We have talked about a lot of things that influence
your use of targeted therapy, but what are the main
barriers and facilitators to you using targeted
therapy as you defined them above?

36. *What strategies have you used to try to overcome
these barriers or formalize these facilitators? How
did it work? Would you recommend it to others?
Prompts: selecting patients to be tested, ordering or
recommending the test, interpreting test results,
selecting treatment to match results, prescribing
treatments

37. *What additional help or support would be most
useful for using targeted therapy? Who do you
think should provide it?
Prompts: Which patients? Which disease? Which
cancer stage?

Capability: Ok, now I would like to ask you some
questions about your knowledge and experiences
using targeted therapies.

38. What are some of the skills that you use when
using targeted therapy?
Prompts: What skills would a healthcare provider
just beginning to use targeted therapy need to have
or develop to effectively use targeted therapy? If
you were to hire someone to do what you do, what
sort of skills would they need? e.g., knowledge of
genetics, pharmacology, information technology;
research; communication
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39. How confident are you in using targeted therapy
despite these difficulties?

40. How confident are you that your clinical team can
use targeted therapy?

41. *Are there any areas related to targeted therapy
where you would like more training or information?
Prompt: What additional skills training do you
need? What additional skills training do others on
your clinical team need?

Conclusion:

42. *Who else is involved in your delivery of targeted
therapy? Would you be willing to introduce me to
him/her?

43. *That is all the questions I have for you, has
anything occurred to you about this topic that I
haven’t asked about?
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